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@ A manufacturing apparatus and a method of 
manufacturing a plastic molded semiconductor de- 
vice comprising the steps of mounting semiconduc- 
tor elements (2) oh element mount portions (1 b) of a 
lead frame (1), connecting the elements (2) and the 
lead frame (1) by means of metal lead wires (3). 
holding lead portions (la) of the lead frame (1) by a 
pair of metal molds (5a. 5b) and positioning the 
element mount portions (1b) within a molding space 
of the metal molds, holding the opposite end portion 
of the lead frame by spring-biased hold pins (7a, 7b. 
70a, 70b) provided at the metal molds from the both 
surfaces thereof, and releasing by the molding pres- 
sure of a plastic material injected into the molding 
space of the metal molds that the hold pins hold the 
opposite end portion (1d) of the frame (1) and com- 
pletely molding the lead frame except for the lead 
portions (1a) and the semiconductor elements (2) as 
the result of the fact that the plastic material flows 
into the molding space during the above releasing. 
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BACKGROUND OF THE INVENTION 

This invention relates to a method of manufac- 
turing a plastic molded semiconductor device and 
an apparatus for manufacturing such a device, and 
more particularly to a method of manufacturing a 
semiconductor device having a practically sufficient 
withstand voltage after assembled and having an 
excellent insulating property, and an apparatus for 
manufacturing such a device. 

In a conventional method of manufacturing a 
plastic molded semiconductor device, chips 2 (only 
an indication of a single chip is made in FIG. 2) are 
mounted on respective chip mount portions 1b of a 
lead frame 1 shown in FIG. 1 to carry out connec- 
tion wirings between the respective chips 2 and the 
lead frame 1 by means of metal lead wires 3 
thereafter to hold the chip mount portions 1b by 
metal molds 5a and 5b to fill plastic material 4 into 
the cavity therebetween as shown in FIG. 2, or to 
provide hang pin portions 1c (slanting line portions 
in FIG. 1) at the lead frame 1 shown in FIG. 1 to 
hold these hang pin portions 1c by metal molds 5a 
and 5b to fill plastic material 4 into the cavity 
therebetween, thus to manufacture a plastic mol- 
ded semiconductor device shown in FIG. 3. In 
FIGS. 1 to 3. reference numeral la denotes lead 
portions projected from the solidified plastic pack- 
age toward the outside and serving to connect the 
chips 2 and the lead frame 1 by means of the 
metal lead wires 3. 

In FIG. 1. double dotted lines represent an 
outside shape of the plastic molded block or pack- 
age 4, and broken lines represent the lead portions 
1 formed by cutting after the plastic molding is 
completed. 

As an alternative example, a lead frame 1 
having hang pin portions is shown in FIG. 5A and a 
lead frame having no hang pin portion is shown in 
FIG. 5B. 

In such a conventional manufacturing method, 
in the case where no hang pin portion 1c is pro- 
vided at the lead frame 1, since each chip mount 
portion lb Is not fixed within the cavity defined or 
formed by the metal molds 5a and 5b, there was 
the possibility that there may occur the problems 
that the thickness of the plastic molded portion 4 
on the back side of the chip mount portion 1b 
formed by injection of the plastic material 4 vary 
(bending of the plastic molded portion), or occa- 
sionally the back side of the chip mount portion is 
exposed, or the like, with the result that an electric 
Insulation by the plastic molded block 4 cannot be 
satisfactorily provided. 

To prevent the above-mentioned bending, a 
method is adopted to provide hand pin portions 1c 
at the front end portions of the chip mount portions 
lb to hold the hang pin portions 1c by metal molds 
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to carry out plastic molding. With this method, 
however, since the hang pin portions 1c are cut off 
after plastic molding, hang pin portions 1c are 
exposed to the surface of a semiconductor device 

6 comprised of metal as shown in FIG. 4. This results 
in the problem that the electric insulating distance 
between the semiconductor device and a mounting 
plate (chassis) at the time of assembling becomes 
short, thus making it difficult to provide a predeter- 

70 mined withstand voltage (tolerable even if AC volt- 
age of 2.5 KV is applied for one minute). 

SUMMARY OF THE INVENTION 

15 With the above circumstances in view, this 

invention has been made, and Its object is to 
provide a method of manufacturing a plastic mol- 
ded semiconductor device and an apparatus for 
manufacturing such a semiconductor device, which 

20 can improve as far as possible the insulating prop- 
erty of the plastic molded semiconductor device. 

To achieve the above-mentioned object, a 
manufacturing method of this invention comprises 
the steps of mounting semiconductor elements on 

25 element mount portions of a lead frame: connecting 
the elements and lead portions of the lead frame 
by means of metal lead wires; holding the lead 
portions of the lead frame by a pair of metal molds 
prior to metal molding; holding the opposite end 

30 portions of the lead portions of the lead frame by 
means of a pair of hold pins having a predeter- 
mined working force in a direction to hold the 
opposite end portions of the lead portions of the 
lead frame and each including a pressure receiving 

35 portion formed thereat for releasing the holding by 
a reaction force in an opposite direction to the 
above-mentioned direction; and plastic-molding the 
entirety of the lead frame and the elements con- 
nected. 

40 Further, a manufacturing apparatus of this in- 

vention comprises metal molds for defining or for- 
ming a cavity allowing a lead frame to be placed 
therewithin in order to carry out plastic molding; a 
pair of hold pins projected by a spring force into 

45 the cavity to hold therebetween the opposite end 
portions of the lead portions of the lead frame by 
the front end portions thereof and each including, 
at the front end portions thereof, a pressure receiv- 
ing surface for receiving a molding pressure at the 

50 time of injection of plastic material, and a plastic 
material injection mechanism for injecting plastic 
material into the cavity at a predetermined pres- 
sure thus to mold the entirety of a semiconductor 
device and the lead frame. 

55 In accordance with the method of the Invention 

featured as above, prior to plastic molding, the lead 
portions of the lead frame are held by a pair of 
metal molds, e.g., arranged in upper and lower 

2 
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directions, and Vne opposite end portions on the 
opposite side of tlie lead portions of the lead 
frame, i.e., thie end portion on the element mount 
portion side are held by the hold pins. In this state, 
when plastic material is injected into the cavity, 
molding pressure of plastic material is exerted on 
the pressure receiving portions of the hold pins, so 
the pin front ends are away from the lead frame 
against the predetermined working force, e.g.. a 
spring force based on a spring, etc. As a result, a 
gap is formed therebetween. Plastic material flows 
into the gap, so the portions except for the lead 
portions are plastic-molded. 

Thus, the insulating property of the semicon- 
ductor device can be improved as far as possible. 

Further, in accordance with the manufacturing 
apparatus of the invention constructed as de- 
scribed above, prior to plastic molding, the hold 
pins hold therebetween the end portions on the 
opposite side of the lead portions through the ele- 
ment mount portions of the lead frame by a work- 
ing force e.g., resilient spring force, etc. In this 
state, when the plastic material injection mecha- 
nism injects plastic material into the cavity, the 
cavity is filled with plastic material. By a molding 
p>ressure of the plastic material at this time, the 
hold pins undergo reaction force in a direction 
opposite to that of the working force to release 
holding of the end portions opposite to the lead 
frame, so the both surfaces of the frame end por- 
tion and the front end surfaces of the pins are 
spaced by a fixed distance. Plastic material in- 
jected flows into the gap thus formed. As a result, 
portions except for the lead portions are entirely 
molded. Thus, the insulating property of the manu- 
factured semiconductor device can be improved as 
far as possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a plan view showing a lead frame used 
in a conventional semiconductor device; 
FIG. 2 is a cross sectional view showing an 
apparatus for manufacturing a conventional 
. semiconductor device; 
FIG. 3 is a cross sectional view showing a 
semiconductor device manufactured by the con- 
ventional manufacturing apparatus; 
FIG. 4 is a perspective view showing the semi- 
conductor device shown in FIG, 3; 
FIGS. 5A and 5B are plan views showing lead 
frames of the types different from that of FIG. 1 
used in the conventional semiconductor device, 
respectively; 

FIG. 6 is a cross sectional view showing the 
configuration of a manufacturing apparatus used 
in a semiconductor manufacturing method ac- 



cording to a first embodiment of this invention; 
FIG. 7 is a cross sectional view showing, in an 
enlarged scale, a portion of the manufacturing 
apparatus of FIG. 6 for explaining the operation 

5 of the first embodiment; 

FIGS. 8 and 9 are a cross sectional view and a 
perspective view showing a semiconductor de- 
vice manufactured by the apparatus shown in 
FIG. 6. respectively; 

10 FIG. 10 is a cross sectional view showing the 
configuration of a manufacturing apparatus used 
in a semiconductor manufacturing method ac- 
cording to a second embodiment of this inven- 
tion; 

16 FIG. 11 is a cross sectional view showing the 
configuration of a manufacturing apparatus used 
in a semiconductor manufacturing method ac- 
cording to a third embodiment of this invention; 
FIG. 12 is a cross sectional view showing a 

20 plastic molded semiconductor device with a ra- 
diating plate manufactured by the respective 
embodiments of this invention; and 
FIGS. 13A and 138 are cross sectional views 
showing the configuration of the essential part of 

25 a semiconductor manufacturing apparatus ac- 
cording to a fourth embodiment of this invention, 
respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
30 EMBODIMENTS 

Preferred embodiments of a method of manu- 
facturing a plastic molded semiconductor device 
and an apparatus for manufacturing such a semi- 

35 conductor device according to this invention will 
now be described in detail with reference to the 
attached drawings. 

The same reference numerals are attached to 
the portions corresponding to those of the prior art. 

40 respectively, and explanation thereof will be given 
below. 

Initially referring to FIG. 6. there is shown the 
configuration of an apparatus for manufacturing a 
semiconductor device according to a first embodi- 

45 ment of this invention. The manufacturing appara- 
tus of the first embodiment comprises a pair of 
metal molds 5a and 5b. e.g., arranged in upper and 
lower directions, which define or form a cavity as a 
molding space into which plastic material is filled 

50 when the metal molds are in contact with other and 
holding a lead portion 1a of a lead frame 1 there- 
between, stepped pins 7a and 7b serving as hold 
pins provided slidably in holes 6a and 6b bored at 
portions of the metal molds 5a and 5b correspond- 

55 ing to an opposite end portion Id positioned on the 
opposite side to the lead portion la through a 
semiconductor element mount portion lb of the 
lead frame 1 in the state where the lead frame 1 is 
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arranged within the cavity, springs 8a and 8b pro- 
vided on the bottom end portion sides of the 
stepped pins 7a and 7b and rendering, to these 
pins, a resilient spring force for biasing these pins 
toward the opposite end portion Id side of the 
frame 1 , and stoppers 9a and 9b affixed by means 
of, e.g., bolts at the opening portions of the holes 
6a and 6b in order to support the bottom end 
portion sides of the springs 8a and 8b. In FIG. 6. 
reference numerals 2 and 3 denote a semiconduc- 
tor element and a metal lead wire for connecting 
the element 2 to the frame 1. 

The operation of the above-described first em- 
bodiment will now be described with reference to 
FIGS. 7(a) and 7(b). It is to be noted that an 
Indication of the upper metal mold 5a is omitted 
and only the relationship of the stepped pin 7a and 
the stopper 9a on the upper mold side are Illus- 
trated in FIGS. 7(a) and 7(b). When plastic material 
4 is injected into the cavity defined by the metal 
molds 5a and 5b, i.e., prior to application of pres- 
sure, respective front end portions of the stepped 
pins 7a and 7b as the hold pins hold therebetween 
the opposite end portion of the lead frame 1 by a 
resilient spring force of the springs 8a and 8b. 
Further, the bottom end portions of the stepped 
pins 7a and 7b are spaced by a predetermined 
distance C (e.g., 2 to 3 mm) from the stoppers 9a 
and 9b (see FIG. 7(a)). In this state, when plastic 
material 4 is filled within the cavity defined by the 
metal molds 5a and 5b and pressure is applied, a 
molding pressure (e.g., 80 to 150 Kg/cm^) Is ap- 
plied to the stepped portions as pressure receiving 
surfaces of the stepped pins 7a and 7b. As a 
result, the bottom end portions of the stepped pins 
7a and 7b are moved until they come into contact 
with the stoppers 9a and 9b. Thus, the front end 
surfaces of the stepped pins 7a and 7b holding 
therebetween the opposite end portion Id of the 
lead frame 1 are spaced by the distance C from 
the opposite end portion Id, and plastic material 4 
flows into the gap of the distance C and is filled 
thereinto (see FIG. 7(b)). 

Namely, the thickness of the plastic molded 
block 4 on the opposite end portion 1d side held 
by the stepped pins 7a and 7b becomes equal to 
the distance C. It is to be noted that it is sufficient 
that the diameter D (see FIG, 7(a)) of the thick 
portion of the stepped pins 7a and 7b is, e.g., 
about 2 to 3 mm, and the thin portion thereof (see 
FIG. 7(a)) is about 1 to 2 mm. Further, it is desir- 
able that the resilient spring force of the springs 8a 
and 8b Is set to a less than one half of the product 
of the area (= -n * {D^'6'^)/4) of the stepped portion 
and the molding pressure. It is to be further noted 
that a draft taper may be provided at the portions 
having a diameter d of the thin portion of the 
stepped pins 7a and 7b. 
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A semiconductor element manufactured in a 
manner as described above Is shown in FIGS. 8 
and 9. In this semiconductor element, pin holes 4a 
and 4b are left at the portions held by the stepped 
5 pins 7a and 7b, but the metal portion except for the 
lead portion 1a of the lead frame 11 is entirely 
coated by the plastic material 4. Thus, in accor- 
dance with the first embodiment, it is possible to 
improve the insulating property of the semiconduc- 
10 tor device as far as possible. 

In the above-mentioned first embodiment, the 
thick portion on the opposite end portion 1d of the 
lead frame 1 is held by the stepped pins 7a and 
7b. but this invention Is not limited to such an 
15 implementation. For example, as in a second em- 
bodiment shown in FIG. 10, a thin portion may be 
provided on the front end side of the lead frame 1 
in order to increase the above-described distance 
C to hold the thin portion by the stepped pins 7a 
20 and 7b. In addition, as in a third embodiment 
shown in FIG. 11, bending processing may be 
implemented to the opposite end portion 1d of the 
lead frame 1 to hold the bending processed op- 
posite end portion Id by stepped pins 7a and 7b. 
25 thus making it possible to elongate the above- 
described distance C. 

Further, it is a matter of course that the manu- 
facturing apparatus and the manufacturing method 
according to this invention may be used for manu- 
30 facturing a plastic insulated semiconductor device 
provided with a radiating plate 1 1 . Also in this case, 
pin holes 4a1 and 4b1 are formed at the portion on 
the opposite end portion Id side of the lead frame 
1 held by the stepped pins 7a and 7b of a manu- 
35 factured semiconductor device. 

Furthermore, while it has been described in the 
above-described first to third embodiments that 
stepped pins 7a and 7b are used as the hold pins, 
this invention is not limited such an implementa- 
40 tion. Namely, as long as the hold pins are adapted 
to receive a molding pressure when plastic material 
is injected into the cavity to release holding of the 
lead frame 1 and their front end surfaces thereof 
can fomn a gap with respect to the lead frame, 
45 such hold pins may take any shape. For example, 
as in a fourth embodiment shown in FIGS. 13A and 
13B, also in the case where tapered pins 70a and 
70b are used as the hold pins, release of holding of 
the lead frame 1 by the molding pressure can be 
50 carried out. These tapered pins 70a and 70b are 
provided at the front end portions thereof with 
pressure receiving tapered surfaces 71 a and 71b, 
respectively. Other components such as the 
springs, etc. are the same as those of the first to 
55 third embodiments. As shown in FIG. 13A, the 
tapered pins 70a and 70b within the cavity prior to 
injection of plastic material hold the opposite end 
portion Id of the lead portion la of the lead frame 

4 
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1 from the both sides thereof. In this state, when 
plastic material is injected, the plastic material is 
filled within the cavity, and a molding pressure of 
the plastic material at that time is received by the 
pressure tapered surfaces 71a and 71b. Thus, the 
tapered pins 70a and 70b release the holding state 
of the end portion Id against a resilient spring 
force of spring (not shown). As a result, gaps are 
formed between the front end surfaces of the ta- 
pered pins 70a and 70b and the end portion 1d. 
Since the plastic material 4 is still supplied at this 
time, plastic material Is filled also into such gaps. 
Thus, all the portions except for the lead portions 
la of the lead frame 1 are coated and insulated. 
Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 

Claims 

1. A method of manufacturing a plastic molded 
semiconductor device, comprising the steps of 
mounting semiconductor elements (2) on ele- 
ment mount portions (lb) of a lead frame (1), 
connecting said elements and lead portions 
(la) of said lead frame by means of metal lead 
wires (3). and plastic-molding the entirety of 
said lead frame and said elements connected 
except for said front end portion of said lead 
portion (la), 

said method comprising the steps of: 

holding said lead portions (1 a) of said lead 
frame (1) by means of a pair of metal molds 
prior to plastic molding, 

holding the opposite end portions (Id) of 
said lead (portions (la) of said lead frame (7) 
by means of a pair of hold pins (7a, 7b, 70a, 
70b) having a predetermined working force in 
a direction to hold said opposite end portion 
(1d) thereof and each including a pressure 
receiving portion formed thereat for releasing 
the holding by a reaction force in an opposite 
direction to the above-mentioned direction, and 

molding plastic material into portions (C) 
between said front end portions and said lead 
frame when said hold pins release holding of 
said opposite end portions of said lead frame 
(1) as the result of the fact that said pressure 
receiving portions receive a molding pressure 
produced by injection of said plastic material 
into a cavity defined or formed within said 
metal molds. 

2. A method of manufacturing a semiconductor 
device as set forth in claim 1, wherein said 
holding step is comprised of a step of carrying 
out holding by said hold pins each comprised 
of a stepped pin (7a, 7b) including a stepped 
portion comprised of a pressure receiving sur- 



face substantially in parallel to the both sur- 
faces of said opposite end portion of said lead 
frame (1) and a projection projected from the 
center of said pressure receiving surface. 

5 

3. A method of manufacturing a semiconductor 
device as set forth in claim 2, wherein said 
holding step is comprised of a step of holding 
said opposite end portion (Id) of said lead 
70 frame (1) from the both surfaces thereof by a 

spring resilient force of said hold pins (7a, 7b) 
movably attached through springs (8a, 8b) to 
said metal molds. 

75 4. A method of manufacturing a semiconductor 
device as set forth in claim 3, wherein said 
plastic material molding step is comprised of a 
step such that said pressure receiving surface 
receives molding pressure by molding of the 

20 plastic material (4), so said pressure receiving 

surface is away from said opposite end portion 
(Id) by the molding pressure against said 
spring resilient force, whereby said plastic ma- 
terial flows into a gap thus formed to mold said 

25 opposite end portion (Id). 

5- A method of manufacturing a semiconductor 
device as set forth in claim 1, wherein said 
hold pins are each comprised of a tapered pin 

30 (70a, 70b) such that the bottom end side there- 

of is provided at said metal molds through a 
spring (8a, 8b), and the front end side thereof 
serves as a flat surface substantially in parallel 
to the both surfaces of said opposite end por- 

35 tion through a conic surface (71a. 71b) serving 

as a pressure receiving tapered surface, said 
holding step being comprised of a step of 
holding said both surfaces of said opposite 
end portion (1d) by said flat surfaces of said 

40 hold pins (70a, 70b) as the result of the fact 

that each hold pin is biased by a resilient force 
of said spring (8a. 8b). 

6- A method of manufacturing a semiconductor 
45 device as set forth in claim 5, wherein said 

plastic material molding step is comprised of a 
step such that each of said pressure tapered 
surfaces receives a molding pressure by injec- 
tion of plastic material, so said pressure ta- 

50 pered surface (71a, 71b) is away from said 

each opposite end portion by said molding 
pressure against a resilient force of said each 
spring (8a, 8b). whereby said plastic material 
(4) flows into a gap thus formed to mold said 

55 opposite end portion (Id). 

7. An apparatus for manufacturing a plastic mol- 
ded semiconductor device comprising a pair of 
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metal molds (5a, 5b) for holding lead portions 
(la) of a lead frame (1) on which semiconduc- 
tor elements (2) are mounted, and a plastic 
material injection mechanism for injecting plas- 
. tic material (4) into the surrounding portion of 5 
said lead frame (1) held by said metal molds 
(5a, 5b), 

wherein there are provided a pair of hold 
pins (7a, 7b. 70a. 70b) respectively attached to 
said metal molds (5a, 5b) through springs (8a, w 
8b). said hold pins (7a, 7b. 70a, 70b) being 
adapted to hold the opposite end portions (Id) 
of said lead portions (la) of said lead frame (1) 
by a predetermined working force of said 
sorings (8a, 8b) prior to plastic molding, and 75 
sach including a pressure receiving surface 
formed thereat to receive a working force in an 
opposite direction to said holding direction. 

8. An apparatus for manufacturing a semiconduc- 20 
tor device as set forth in claim 7, wherein said 
hold pin (7a, 7b. 70a. 70b) is comprised of a 
cylindrical shaft portion slidably accommodat- 
ed In a hole bored at a position corresponding 
to said opposite end portion (Id) of said lead 25 
frame (1) in said metal molds; a bottom end 
portion adapted so that the other end side of 
said spring (8a, 8b) held on one end side 
thereof by a stopper (9a, 9b) attached at a hole 
opening portion so as to cover said hole Is In 30 
contact with said bottom end portion, and a 
front end portion projected Into a plastic ma- 
terial molding space defined or formed within 
said metal molds (5a. 5b) by a resilient spring 
force to hold said opposite end portion (Id) of 35 
said lead frame (1) from the both surfaces 
thereof. 



tor device as set forth In claim 9 or 10, wherein 
said hold pins (7a, 7b, 70a, 70b) are such that 
a molding pressure of plastic material injected 
onto said pressure receiving surfaces or said 
pressure tapered surfaces (71a, 71b) formed at 
said front end portions is applied, whereby 
said hold pins are moved by a predetermined 
distance (C) from the both surfaces of said 
opposite end portion (Id) of said lead frame (1) 
against a resilient force of said spring (8a, 8b). 
thus to release said holding state. 



9. An apparatus for manufacturing a semiconduc- 
tor device as set forth in claim 8, wherein said 40 
hold pin is comprised of a stepped pin (7a, 7b) 
having a stepped portion including a pressure 
receiving surface serving as said pressure re- 
ceiving portion comprised of an end surfaces 
of said shaft portion respectively in parallel to 4S 
the both surfaces of said lead frame end por- 
tion, and a projection having a diameter small- 
er than that of said shaft portion and projected 
from the end surface thereof. 

50 

10- An apparatus for manufacturing a semiconduc- 
tor device as set forth in claim 8, wherein said 
hold pin is comprised of a tapered pin (70a, 
70b) such that the extreme end of said front 

end portion (71a, 71b) is formed tapered to 55 
serve as a pressure receiving surface. 

11- An apparatus for manufacturing a semiconduc- 
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